@ilidenker,

Summer-Edition 2017

— vordenker-archive —
Rudolf Kaehr

(1942-2016)

Title

Ternary and Quaternary systems in morphoCAs
Some tools for the analysis of number sequences in morphoCAs

Archive-Number / Categories
3_47 /K12, K09, K11

Publication Date
2015

Keywords / Topics
Morphograms, Celluilar Automata, Semiotics

Disciplines

Computer Science, Artificial Intelligence and Robotics, Logic and Foundations of Mathematics,
Cybernetics, Theory of Science

Abstract

Claviatures gives a glimpse into the usefulness of the sub-rule approach for all kind of cellular
automata. The merits of the sub-rule approach becomes evident for highly complex automata where it
is practically not achievable to manipulate all single rules of the automaton explicitly.

The topics that can be studied more directly are “number sequences” and “ternary and quaternay
logics” related to morphoCAs.

Some preliminary results concerning number sequences for morphoCAs are sketched. The presented
techniques might be used as tools for further elaborations.

Citation Information / How to cite

Rudolf Kaehr: "Ternary and Quaternary systems in morphoCAs", www.vordenker.de (Sommer Edition, 2017) J. Paul (Ed.),
http://www.vordenker.de/rk/rk_Ternary-and-Quaternary-Systems-in-morphoCAs_2015.pdf

Categories of the RK-Archive

K01 Gotthard Glunther Studies KO8 Formal Systems in Polycontextural Constellations
K02 Scientific Essays K09 Morphogrammatics

KO3 Polycontexturality - Second-Order-Cybernetics K10 The Chinese Challenge or A Challenge for China
K04 Diamond Theory K11 Memristics Memristors Computation

KO5 Interactivity K12 Cellular Automata

K06 Diamond Strategies K13 RK and friends

K07 Contextural Programming Paradigm


http://www.vordenker.de/index.html
http://www.vordenker.de/index.html
http://www.vordenker.de/navigation.htm
https://de.wikipedia.org/wiki/Rudolf_Kaehr
http://www.vordenker.de/rk/rk_Ternary-and-Quaternary-Systems-in-morphoCAs_2015.pdf

Ternary and Quaternary systems in

morphoCAs

Some tools for the analysis of number sequences in morphoCAs

Dr. phil Rudolf Kaehr
copyright © ThinkArt Lab Glasgow

ISSN 2041-4358
( work in progress, v. 0.2, August 2015 )

Motivation

Claviatures gives a glimpse into the usefulness of the sub-rule approach for all kind of cellular automata. The merits
of the sub-rule approach becomes evident for highly complex automata where it is practically not achievable to
manipulate all single rules of the automaton explicitly.

The topics that can be studied more directly are ‘number sequences”and ‘ternary and quaternay logics” related to
morphoCAs.

Some preliminary results concerning number sequences for morphoCAs are sketched.

The presented techniques might be used as tools for further elaborations.
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| morphoCA-(5,4,5)-Num.nb

Requisits
Morphogram: ruleDCKV
a 1111 1112
b ﬂ 1122 || 1123
¢ 1211 1212 | 1213
d 11221 1222 | 1223
e |2121 2122 | 2123
fl2211 2212 | 2213
9 2221 | 2222 || 2223
b 2111 | 2112 || 2113
i 2131 | 2132 [| 2133 2130
J 1231 | 1232 || 1233 1230
k |2231 2232 | 2233 | 2230
' 2311 | 2312 || 2313 2310
m 2321 | 2322 || 2323 2320
n 2331 | 2332 | 2333 || 2330
© 2301 2302 | 2303 | 2300
width ﬂ 3 4—j
mesh \———‘
steps 11
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{{{0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0, 0},

{o, o0, 0, 0,90,3,20,1,0,0,0,0,0,0,0,0,0,0},

{o, o, o0, 0,2,0,0,3,2,0,1,0,0,0,0,0,0,0, 0},

{0,0,0,1,1,0,2,0,0,3,2,0,1,0,0,0,0,0,0},

{o,0,3,3,0,1,1,60,2,0,0,3,2,0,1,0,0,0,0},

{0,2,2,0,3,3,0,1,1,0,2,0,0,3,2,0,1,0,0},

{1, 3,0,2,2,0,3,3,0,1,1,60,2,0,0,3,2,0,1}},
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save
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Emphasis on the architectonic symmetry

11184809

—“ o g
— o o
191H28_,MM2
oG oo Jovw ©
< ~ <« o
—0oN om o
~ ~o
Y0
~
—~
—
~ o~
-~
~ .~
— N
—~ o a o~
NN
. a s e
NN
~—~ e s
HNHN AN
o a N s s
AN~ N~ N~
o e e e s
HNHNAN AN
P
HN AN NN
TS
HNANANANA N
e n e a e s e s
AN AN NN AN A
-
HNANANANA N
{l”’lll”
N ANHNA N AN A
-~
HNHNAN AN
=
[
AN~ N~ N~
-
HNHN AN
=
s e
— NN~
-
NN
=
[
— N
-~
-~
=
.
—
-

(1, 2,1,2,1,2,1,2,1,2,1,2,1,2,1,2,1,2,1, 2,1, 2, 1}

12265129

o
— o
N0 g N -~
~o O™ ARSI NN
[aelag} N n o~ 0 o
~ n N N © — < n n
oS0 ™ © oo~ I A~ o
™ < © ~ o o <+ o n ™
— © o — =0 R~ ~
N N9 RN e )
v 4o -y
—
< <
~—
—
~— . —
- N —
—~ s ~— o~
— O - O
RS —~ s
N - O — O
~—~ s s s s ~—~ . s~
— O = N~ — N MO
S e s s
“NHO N NN
S e s s s s
-~ — O N — O — O~ N — ™M
N S
HNHOHNHO HNAN—AN®
N e s s s s s s
O 1 N—O— N — S NMANMOAN M
GO s s e s s s s
Y NHOAN—HO AN HNHMAMON®
— —
N O - N—O N ANMOMO AN
—-— -
NS S
- O —
~N ~
[N <
— N —
o ~
<~ <
- O —
~N ~
[N <
— N —
- -
—
-

(1, 2,1,3,3,3,3,3,1,2,3,3,1,0,1,2,2,2,1}
{1, 2, 1,2,1,3,3,3,1,2,2,2,1,60,1,0,1,2,1,0, 1}
{1I 2I 1’ 3[ 3’ 2I 1’ 3[ 1’ 2I 1’ 2I ll 0I 1! 2[ 2! 0I 1! 2I 1! 2I 1}




| 5

morphoCA-(5,4,5)-Num.nb

—
nEoqA
N~ H S a®™
o NS o
™ MM o o
—aJoo ©
MQowVno S soq
DA -
o N
—
<
~
—
~— .
— N
~— .~
— O
s~
— O -~
e s s s
—“NMmmo
IS
NN m A
s
HNAHNNA®
S
O~~~ N
S
- HoHAMHAMNOM
RS
HNMONMNO MmO
e s s s s s s s s s
HNMNAONMNOO
YN
HNANNOMAMONNNO
-
HHAOMOO®O A A NON
e E N . L T N NN
HMAMAHO MM O
—
O MO O
—
S
“MmHoOOoOMmHM
—
R B B B B e B e I |
-
S
MMM O
-
—— OO m
-
S
— M- O
—
—
—
[N
)
—
—
—

o
~
TS o S
AR w3
Np~in®O N
~
< I~ G 0
oo <
Nom9a~
v o
—
.
-
™
—
0
—
~ oo
~ . s
— MmO
~— e w
NMm Mo
e
NNOHMmm
S
mMood—ANmM
T
MM ONNNA®M
s
HomAamMooN®m
e e e e e a s
HHANAO O M
HOHNHNHNN
TR
cCooNNNN M
HOoHANMNMO
OO
NNOOHMmANNN
HNHOHOMmOOo
S
HNNOOOMM
HNHO A NM
=
e
HNNO O
=
AN O~
=
“ e s
- NN O
i
— N~
e
[
-~
i
—
=

)
—
PR N
o ™ 0 g0
~— >N
oS Tn®
YO ¥
oo I
—
~
™
~— o~
™
~—~ .~
M ™
s s s
Mmoo mo
e s s s
— O MmO~
S
= NMmOo
N -HON
S
NNHO N
o NOMm
NS
oNHNO
—omo -
NSNS
NI MANONO~N
HHAMANMNONOMON
{I’IIIII’II
N HMAO MO A O
“HHOoOMmMOoO Ho
S
M HOAMNO
—HoH A O NN
~ s s s s
M HMm Ao
—
oM
—
[N
— o Ho
—
—
—
S
- ™M
-
—
-~




| morphoCA-(5,4,5)-Num.nb

6

12550033

P
MHS TN
MO oI ™o
— o o o o <
mQAYo oA w o
Mo De oS
)
~
.
—~
—
~ .
-~
~ .~
- N
—~ e
N MmN
—~n s
NN

S

S NMAN—AMANOM
eSS
AN NAMNMA
—

A MO NM A O

—

S
MM~ O0m
—
= OMmMmO
—
NS
— M- o -
—
— o~ — ™
—
[N
— M-
—

—
—

~
—
—

{1, 3,1,3,2,3,1,¢0,3,0,1,3,2,3,1,2,3, 2,1}
{1, 1,1,%90,1,3,2,3,1,¢0,3,0,1,3,2,3,1, 2,3, 2,1}
{1I 3[ 1’ 0I 3’ 0I 1’ 3[ 2’ 3[ 1’ 0I 3’ 0I 1’ 3[ 2’ 3[ 1’ 2I 3’ 2I 1}

IN
n
R
™ N4
WO RPN 5T,
— o~ ~ < o < N
<+ ~ oo S~
— M o
2141153
N~
—
<
—
o~
~— .
™o
S
— Mo
S
—“ N mo
~—~ s s s~
NOoO O =M
RS
MAN—HO M
S
MmHMmANO M
s
—oHOoOMmMANNM
~ e N L
MHNOOONHN
s s m s s s s s s
MNON—AO A O A
s s n s s s s s s
o NOMHMAMAN
N
HH4HOO0OOMNMANMN
—
AMNONAN—AOOM
{II’IIIII’I
HNMmMOoOOoOHMNON
N
HMNONHANHO
-
S
HNMmMOoOOoOH MmN
—
HMNONHN
-
S
“Nmo o
—
—“MmNOoN
—-—
S
—“ N mo
N
— N
-
[N
— N
-
—
-

[32]
[32]
omfo
318%%3640
I PRSI
15136 © =}
N ~
70 oY@
a~ Yo
—
—
—
—_
— -
— .~
“oo
I
NN
e e . s
NANNO -
e e e s s
NoNoowN
e e e e s
NONONN
e e e a e
mMoAmMNO O
< s
M HAAAMNOO
N
O 40 MOOO
e e e n e a e
HO OO OOMOM™M
P
A N O 1 MO MN—M
=
MAN—TMNMNMOMAN =~
f.\l””ll’”
NMmMHOMmMomAN ™
=
MO0 M—O
2
[N
M AN-HMAOOMmM
2
NM—=O O
3
N
=
M AN—=MNM
2
[N
N Ao
=
— ™M
2
o~
M~
2
N
3




| 7

morphoCA-(5,4,5)-Num.nb

™

—
~un G
577.,_MM5839
ahodosdsoN 4o
15135 n < ™

-~ (=4
7 e Y0 n T
2-/54
—

~

—
—
~ o~
— N
—~ ..
— o
L
— N
NS
NN
~n s N N .
A N—HOOoON
S
AN A A O
T

S
VN0~ NOOHAO

T R

oo HO—HO AN

S

AN O -"AMAAd0NO
—

MAN—=MONMMAMNAOO
—

T Y

NM—AOOMNOMO
-

MO O MmMNM™M
—

S

MAN—=MNONO
—

NM—HOOOWN
-

[

17
53
181
1333
3509
11701
85429
224693
748981
5467573
14380469

R
OO -mMm- O
S
oo -mHAo
S
OO0 -AM—AO0-AO
L S
o HOoO-MmMAO0 O
S
T AN O - MO 1O -mMmM
—
MANAM—AO O M
STl N v v s s
NMEHO O -M-O
—
M —HoOo MmO A
—
S
MAN-EHM-HO O
—
NM—O O
—
[N
— M=o ~Am
—
M AN—= M-
—
[SEESEESEEN
NMm - O
—
— o
—
~ o~
™ N
—

(3]

—

47
185
750
3000
12011
48065
192226
768944
3075843
12303249

S
N NO—~NMO
S
MO —ANMO AN ™M
S
M MO —ANMO N
R
HO A NMO—ANMO
I S
S NMO—ANMO-ANMO
—
FANMO—AANMO— AN ™M
Tk v n N s s
S NMO A NMO N
—
A NMO AN MO
—
N
S ANMO AN MO
—
A ANMO AN ™M
—
[
—NMO N
—
NN O -
—
[SEESEEEN
— N ™Mo
—
— N ™M
—
~ o~
— N
—

—
—




| morphoCA-(5,4,5)-Num.nb

—
~
™~ a0
P ARV uu <
o N n o~
n [+)} — ™M o
— o Ao N ~ o ©
n o o o @
o J s m ~
aYfmolo
N© -
—
~
~
™
~ o~
— o
—~ s
— N o
o a s
Mmoo MmN

R

S

MM N—AOMAN O

S

FANMOMOMAN—AOMAN
—

M NO I MMHMNO M
—

S S S

S NMO MO MAN = O
-

A MANO—MMmMmAN O
—

S

A NMO MO MmN
—

Emphasis on the architectonic asymmetry of morphoCAs with radius = (r,2r)
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Some selected configurations



| morphoCA-(5,4,5)-Num.nb

10

3215581
31315777
205795405
2004210481
13170904285

|

1
17
244
1245
11308
80045
728876
4915245
47055404
314964525
3001039404
20178860589

1
17
236
1461
14 644
89773
958120
5700593
60653532
372129949
3941858452
23349097261

|
|

3436413646
27494860569



morphoCA-(5,4,5)-Num.nb | 11

1

(1}
(3,2,1, 3} 37
{2,2,1,0,0,2,2)} 214
{1, 3,0,0,3,1,3,3,1, 3} 1433
{3,3,2,2,1,1,2,1,0,0,0,2,2} 22054
{2,2,0,1,3,0,0,3,0,3,3,1,3,3,1, 3} 109657
{1,3,3,1,3,2,2,1,2,1,0,0,0,1,0,0,0, 2, 2} ! 963110
{3,3,2,0,0,2,0,3,0,3,0,3,3,3,2,1, 3,1, 3,3, 1, 3} 10684121
{2,2,0,0,1,1,1,3,1,1,1,1,0,2,1,1,0,0,0,1,0,0,0,2, 2} 52688422
{1,3,3,1,2,3,3,2,2,3,0,1,3,2,3,3,2,3,3,3,2,1,3,1,3,3,1, 3} 492811993
{3,3,2,0,2,0,0,0,1,1,0,1,2,2,0,2,0,1,2,1,1,1,0,0,0,1,0,0,0,2,2} 5510614566
{2,2,0,0,1,1,2,3,3,3,2,3,2,3,1,3,1,1,3,3,2,0,3,3,3,3,2,1,3,1,3,3,1, 3} 27234250457
(5,2,5)

Reduction example: morphoCA®#%) —> morphoCA

Reductions are an essential strategy for the study of morphoCAs. They are complementing the well known ECA
techniques of elimination, reversion and dualizations. The proposed reductions by mapping the numeric presenta-
tion of the morphoCAs to a lower valued but isomorphic morphoCA is certainly just a quite simple first step. All
reductive mappings that are preserving the structure of the output of the morphoCAs are natural candidates for
reduction procedures.

Automata in comparison are: ECA, morphDCM and morphoDM. The automaton morphoDCM is a restriction of
morphoDM and is implementing the system morphoCA®-3)that is restricted to the first 14 morphograms and
functions with just 3 colors instead of 4 colors as for morphoDM are implemented. The system morphoCA®-3 is to
some parts a direct sub-system of morphoDM.

Sub -rule ECA
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width

steps

mesh

save
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Sub - rule morphoDCM®-?)
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A trivial difference between morphoDM and morphoDCM for rule[1, 2, 12, 13, 5]
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Reduction

{f{1, 7, 3, 13, 531, ({1, 7,3, 13, 14}], [{1, 7, 3, 13, 15}],

ruleDM

({1, 11, 3, 4, 531, [{1, 11, 3, 4, 14}], [{1, 11, 3, 4, 15}],

({1, 11, 3, 13, 5}1, {1, 11, 3, 13, 14}], [{1, 11, 3, 13, 15}],

({1, 7, 3, 4, x}1}

=2,3-51

ruleECA[{1, 7, 3, 4, 5, 11, 13, 15}]
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ruleDM[ {1, 11, 3, 4, 14}] =
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Alternating system of differentiation and reduction



morphoCA-(5,4,5)-Num.nb | 19

A
i,
A, i,

A, A5,

ruleDM[{1, 7, 8, 4, x}] , ECA150 ruleDM[{1, 7, 12, 4, 10}] ruleDM[{1, 7, 12, 4, 15}]

Comparisons

ruleDM[{6, 7, 8, 9, 15}] ruleDM[{8, 7, 3, 9, 15}]
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il

ruleDM[{6, 11, 12, 9, 5}] ruleDM[{6, 11, 12, 9, 10}] ruleDM[{6, 11, 12, 4, 10}]
% | E % %
ruleDM[{6, 11, 8, 9, 15}] ruleDM[{6, 11, 12, 9, 15}]

=%

ECA 170 ECA 202 ECA 138 ECA 148
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Analogs to code 420, NKS p.63

“In detail, some of the patterns are definitely more complicated than those seen in elementary rules. But at the
level of overall behavior, there are no fundamental differences. [...]

The only new structure not seen in elementary rules is the one in code 420 - but this occurs only quite rarely."”
(NKS, p. 65)

Interestingly, the difference of code 420 to ECA rule is an internal difference of the produced patterns and is not
considering the underlying architectonic design.

Therefore, many examples of morphoCA®# rules are different from ECA patterns albeit they are still defined in
the classical architecture.

This holds for ruleDM[{1, 11, 3, 13, 15}], ruleDM[{1, 7, 3, 13, 15}] and the rules ruleDCM[{1,11,12,13,14}], ruleD-
CM[{1,2,12,13,14}] that are analogons of code 420.

Hence, there are at least 4 deviant forms in morphoCA. It turns out that, in this context, most patterns of morphic
CAs are non-conventional.

CAs defined by the DCKV-rules are set in a different architecture and are thus producing internally and architecton-
ically different patterns.

ruleDM[{1, 11, 3, 13, 15}]
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morphoCA®'3) rulebDM[{1l, 11, 12, 13, 14}]

ruleDM[{1, 7, 12, 4, 10}]

Examples
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{1, 0,1,0,0,0,0,0,1,0, 1}
{1, 0,0,0,1,0,0,0,1,0,0,0,1}
{1,0,1,60,1,0,1,0,1,0,1,0,1,0,1}
{1 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1}
{t o0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1}
{1, o,0,0,1,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0, 1}
{t0,1,0,1,0,1,0,0,0,0,0,0,0,0,0,1,0,1,0,1,0, 1}

Reduction in morphoDCKV

ruleDCKV[ {1111, 1123, ...}] :

{1}
{3, 0,0, 1}
{2, 0,0,3,0,0,1}
{1, 0, 0, 2, 0,0,3,0,0, 1}
{3, 0,0,1,0,0,2,0,0,3,0,0, 1}
{2, 0, 0, 3,0, 0,1, 0, 0,2,0,0,3,0,0, 1} !
{1 o, 0, 2, 0, 0, 3, 0, 0,1, 0,0, 2,0,0,3,0, 0,1}
{3, 0, 0,1,0,0,20,0,3,001,0,0,2,0,0,3,0,0,1}
{2, 0, 0, 3, 0, 0,1, 0,0,2,0,0,3,0,0,1,0,0,2,0,0,3,0,0, 1}
{1, o, 0, 2, 0, 0, 3, 0, O, 1, O, O, 2, O, O, 3, 0, O, 1, O, O, 2,0, 0,3, 0,0, 1}

.-"'.-"::.;.. oty

UZ,3—>1
ruleDCRV[ {1111, 1122, ...}] :

{1}
{1, 0, 0, 1}
{1, 0, 0,1, 0, 0, 1}
{1, 0, 0, 1,0, 0,1, 0, 0, 1}
{1l OI 0l lI 0l OI 1l OI 0l lI 0l OI 1}
{1 0, 0, 1, 0, 0, 1, 0, 0, 1, O, O, 1, O, O, 1} !
{1 0, 0, 1, 0, 0, 1, 0, O, 1, O, O, 1, O, O, 1, 0, O, 1}
{1, o0, 0, 1, 0, 0, 1, 0, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1}
{1 o, 0, 1, 0, 0, 1, 0, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1}
{1, o, o, 1, 0, 0, 1, 0, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1, O, O, 1}

.-".-ﬁ:? L

Examples for morphoCA®>)

Requisites

Procedures morphoDCKYV

Rules
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(Debug) Out[3582]=

width

mesh

steps

1111

1120

1210

1220

2120

2210

2220

2110

2130

1230

2230

2310

2320

1112

1121 | 1122 | 1123

1211 | 1212 | 1213

1221 | 1222 | 1223

2121 | 2122 | 2123

2211 | 2212 | 2213

2221 | 2222 | 2223

2111 | 2112 | 2113

2131 | 2132 | 2133 | 2134
1231 | 1232 | 1233 | 1234
2231 | 2232 | 2233 | 2234
2311 | 2312 | 2313 | 2314
2321 | 2322 | 2323 | 2324
2331 | 2332 | 2333 | 2334
2341 | 2342 | 2343 | 2344
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Examples

i 2130 | 2131 | 2132 | 2133

—

| 2311 | 2312 2313 2314

width
mesh

steps.

© 1210 | 1211 | 1212

f | 2210 2211 | 2212

h (2110 | 2111 | 2112

Gl

Ly =

el
il

2311 | 2312 | 2313 | 2314

0 | 2340 2341 2342 2343

width

mesh

steps

.{4,4,4,1,1,1,0,0,0,1,1,1,3,3,0,3,3,4,4,4,0,1,0,2,2,2,2,4))

(1}
(2,2,2, 4}

(31 3' 3! ol 3' 3! 1}
(4,4,4,1,1,1,4,2,2,4)
(3,3,3,2,2,2,0,0,4,3,3,3,1}
(4,4,4,1,1,1,1,1,3,1,1,2,2,2,2, 4}

(31 3' 3! 21 2' 2! ll l-I 4! 41 4' 0l 31 3' 2! ol 3' 3! 1}
(4,4,4,1,1,1,0,0,0,0,0,1,1,1,1,4,1,0,4,2,2,4}

(3I 3' 3! 2} 2' 2! 41 4' 4! ol ol 2! 21 2' ll ol ol 3! 21 2' 4! 31 3' 3! 1}
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morphoCA-(5,4,5)-Num.nb

1120 | 1121 | 1122

b

1212

1210 | 1211

3

2212 | 2213

(4,4,4,4,4,4,4,4,4,4,4,0,0,2,3,1,1,4,4,1,3,0,4,3,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,.

(1,1,3,4,2,2,00,1,0,1,3,1,0,3, 4

(2,2,2,2,2,2,2,2,3,3,0,1,4,4,2,2,0,3,4,1,2,3,4,0,4,0,4,2,3,1,2,2,2,2,2,2,2,2,2,:

(4,4,4,4,4,4,00,2,3,1,1,4,4,2,0,1,4,1,3,4,1,1,0,1,1,1,3,3,1,0,4,2,3,4,4,4,4,4,

{(1,1,3,4,2,2,0,0,3,1,2,0,0,0,0,0,3,2,4,0,1,4,4,1,2,1,0, 4,0, 2, 4}

’

,3,0,0,4,0,1,1,1,4,2,0,0,4,2,2,0,
,1,1,3,2,4,1,0,3,4,4,1,1,0,1,1,

- o™ - oo, -~
) - oo o m
- o™ - oNom N
-~ - oNom - o
- o, - oo m o
- o, - oM L]
- N - oo - Moo
- o™ - NN - oo
- N - oNom ™ N o
- o, - R
- oNm - Moo ™o
- N o~ w - o m
- Nm m e m o~
- N - o o N o
- o™ o« = - m o
N ™ N o m N o
oo - < JSERNS <
AN ™ N« o Mo N Mmoo
- NN o ma T o wmo
- oo - N @ o wwo
- - o - = N o
- N« M - o N
© @ o - mo R RG]
@ - o - o = HNOoNm
N oo - N NN e o
N Mo ™ oN o MmN o e o
- m o L) N oo
- oo o w o o mowo
) - - o oW o
- N N oo AN Ao N
- N, N oo MmN MmN
) - m o LI
-~ - o o wowo
- N, - oo @ oo —_ .
- oo -~ No o Ao nIng 238388 o388
.. .. “ s s s Sova Orewma,gnn e
- . - om NmAma co@s TowwIAaow
= = 0 TN @2 ~mnao
[ - -~ “ s s s s ﬂ6102H6720M2710
Al ™ “ AT o - N® ey s
~ s N N P SooaTlsong foamm
-, -~ . ANTOm SococwIacwllmame
S - N NS M DAL P IS r0 238
A daed ddeed  RENETRERES8AIER
(TS S < ST cerdd cordr~"Tnoam
- N - oM N e oo Redr RNaano
Soo AN ool RN ERMEN - N
-
"
"
By
3 : m:
o m "
o & m
& a by
~ o~ o~
o m m
o b m
s o by
4 - “
e b
& o
a
wn
o G
£ - - x - E © o § &£ »n
5 ¢ &
2 E w

1120 | 1121 | 1122

b

1212

1210 1211

3

1220 | 1221 | 1222

d

—

0O ® o = o

1233

1230 | 1231 | 1232

]

2322 | 2323 2324

= (==}

2340 | 2341

o

width

(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
(2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,

(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3, 4

(4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,0,0,

(1,1,3,4,2,2,2;

(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,4,0,

2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,3,3,0,1,4,

(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,4,4,1,2,0,0,

(4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,0,0,2,3,1,1,1,

(1,1,3,4,2,2,2;

(,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,4,0,3,3,3,1, 1,

(2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,3,3,0,1,4,4,4,2,2,2,

(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,4,4,1,2,0,0,0, 3, 3, 3, 3,

»4,4,4,4,0,0,2,3,1,1,1,4,4,4,4,4,

r 2,2

.4

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4

’

(4,4,4,4,4,4,4

3,4,2
»1,1,1,1,1,2,2,4,0,3,3,3,1,1,1,1,1,1,1,

.
$2,2,2

{1, 1

(,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

$2,3,3,0,1,4,4,4,2,2,2,2,2,2,2,2,
,4,4,1,2,0,0,0,3,3,3,3,3,3,3,3,3,

£ 0,2,3,1,1,1,4,4,4,4,4,4,4,4,4,4,

r 2,2

2,2

’

2
3

2,
4,4,4,4,4,4,0

2

’

2
3,3,3,3,3,

12,2,
(4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4

2,2,2,2,2

’

2

{3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,

(2,2,2,2,2,2,2,2,2,

»3,3,3

3,3

’

’

{1, 1,3,4,2

(,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,4

,0,3,3,3,1,1,1,1,1,1,1,1,1,1,1,1,

1 4,4,4,2,2,2,2,2,2,2,2,2,2,2,2,2,

s 1

$12,2,2,2,2,2,2,2,2,2,2,2,2,2,3,3,0

2
(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,4,4,1,2,0,0,0,3,3,3,3,3,3,3,3,3,3,3,3,3, 3,

’

(2,2,2,2,2,2,2

(4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,0,0,2,3,1,1,1,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,

(1,1,3,4,2,2,2;

4. 0.

ke

2.

2.

mesh (]

44

steps
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30

{2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,3,3,0,1,4,4,4,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,

(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,4,4,1,2,0,0,0,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3, 3,

(4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,0,0,2,3,1,1,1,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,

» 1,3, 4,2,2,2;

{(i,1,1,1,1,1,1,1,1,1,1,1,1,2,2,4,0,3,3,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,

(2,2,2,2,2,2,2,2,2,2,2,2,3,3,0,1,4,4,4,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,

(3,3,3,3,3,3,3,3,3,3,3,4,4,1,2,0,0,0,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3, 3, 3,

(4,4,4,4,4,4,4,4,4,4,0,0,2,3,1,1,1,4,4,4,4,

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,
2,

(1,1,1,1,1,1,1,1,2,2,4,0,3,3,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,

(2,2,2,2,2,2,2,3,3,0,1,4,4,4,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

’

3
4

3, 3,
4,4

’

’

’

’

,

’

’

’

’

’

’

’

’

’

’

3
4
2

moa N

™o N

™o -

m e m

’

3
4
1

’

’

’

.3
4
1

3
4

’

3
4

’

3
4

’

3
4

’

3
4

.3,
4

3
4

(3,3,3,3,3,3,4,4,1,2,0,0,0,3,

P4, 4,4, 4,4,

’

(4,4,4,4,4,0,0,2,3,1,1,1, 4, 4,

{(1,1,1,2,2,4,60,3,3,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,

{2,2,3,3,0,1,4,4,4,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,

{3,4,4,1,2,0,0,0,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3, 3,

(2,3,1,1,1,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,

562949953 421379
1125899906 842692

1688849 860264003

2251799813683464

190
562949953423711
1125899906 844862
1688849 860266173

2251799813 628284

190
562949953498111
1125899906914302
1688849860335613

2251799811862524

190
562949955878 911
1125899909 136382
1688849862557693

2251799 755358204

190
562950032 064511
1125899980242942
1688849933664253

2251797947 219964

190
562952470003 711
1125902 255652862
1688852209074173

2251740086 796284

190
563030484 058111
1125975068 770302
1688925022191613

2249 888553238524

190
565526933798911
1128305088528382
1691255041949693

2190639479390204

190
645413325504 511
1202865720786942

1765815674 208253

294 669116243964 |




